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Title: Methods for selecting and producing T cell 
peptide epitopes and vaccines incorporating said selected 
epitopes . 

§1 Field of the invention 

The present invention relates to the field of 
molecular biology and immunology. In particular it 
relates to vaccines and methods for providing vaccines 
which elicit immune responses when administered to a 
mammal, in particular a human. The preferred elicited 
immune response is a T cell response, elicited by peptide 
T cell epitopes. These vaccines find their application in 
many fields ranging from cancer treatments to treatments 
or prophylaxis of infectious diseases such as Aids. 

The present invention provides novel methods for 
selecting the peptide sequences from an intact antigen 
which will lead to a proper (T cell) immune response upon 
administration in a suitable vehicle. The epitopes and 
vaccines are, of course, also part of the present 
invention. It is by now well known that peptides which 
are to be presented to T cell receptors need to fulfil a 
number of requirements. For different haplotypes 
different anchor residues are required; only peptides of 
a certain length can be presented, specific cleavage 
sites must be present around the peptide, signals to 
transport the peptide to the surface in the right context 
must be present, the stability of the bond between 
peptide and presenting molecule is relevant, etc. All 
these- requirements have been used by the present group to 
design or localise peptides that are good T cell epitopes 
and are thus suitable peptides for vaccination. The 
present invention provides a further improvement in the 
selection (and thus the production) of T cell epitopes, 
especially in relation with their cleavage. The present 
invention relates to the cleavage of the C-terminal end 
of T cell epitopes. The present invention discloses that 
the 20S proteasome is involved in the mentioned cleavage. 
Proteasomes play a pivotal role in the generation of 
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antigenic peptides (Coux et al., 1996; Rock et al., 
1999) . 

The proteasome is a multicatalytic protease complex 
(Brown et al., 1991; Orti z -Navarre tte et al., 1991), 
5 localized in the cytoplasm and/or the nucleus (Rivett 

1993) . The proteasome is a 2000-kDa particle, also known 
as the 26S proteasome, with a catalytic core known as the 
20S proteasome (Hershko and Ciechanover, 1992; 
Rechsteiner et al., 1993; Lxwe et al., 1995). The 26S 

10 proteasome can cleave folded and unfolded proteins in an 
ATP dependent pathway, through both ubiquitin-dependent 
and ubiquit in- independent pathways (Hershko and 
Ciechanover, 1992; Murakami et al., 1992; review Gerards 
et al., 1998) . In vitro . 20S proteasomes only degrade 

15 fully unfolded proteins or synthetic peptides not longer 
than approx. 40 residues. 

The eukaryotic 20S proteasome comprises four rings, 
stacked in a rod- like shape. Each ring contains seven 
different subunits. The outer two rings are made of a- 

20 subunits, the inner two rings of subunits. Only three 
of the P-subunits have catalytic activity. Eukaryotic 
proteasomes have several distinct proteolytic cleavage 
specificities. The specificities are designated 
chymotrypsin- like , trypsin- like , peptidylglutamyl - like , 

25 branched and small-neutral peptide hydrolyzing (Leibovitz 
et al., 1995; Cardozo et al., 1996). Two types of 
proteasomes can be discriminated, namely constitutive (or 
household) and the IFN-y dependent immuno proteasomes. In 
the constitutive proteasome, the three catalytic P~ 

30 subunits are called X, Y, and Z. In the immuno 

proteasomes, the three IFN-y inducible subunits are called 
LMP2, LMP7, and MECL-1 (Gaczynska et al., 1993; Boes et 
al., 1994; Griffin et al., 1998). 

Virtually all currently available vaccines are' not 

35 rationally designed in the sense of. detailed knowledge of 
minimal essential epitopes and the rules of antigen 
processing and presentation. Rather, the available 
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vaccines are based on empirical knowledge of protection. 
A major objective of the present invention is to develop 
a hew generation of more rationally designed vaccines 
which are effective, safe, easy to manufacture and 
-5 standardise, stable, inexpensive and associated with long 
lasting protection. In the present invention we disclose 
the use of proteasome digestion in identifying T cell 
epitopes . 

Thus the invention provides a method for selecting 

10 and/or producing a T cell epitope, comprising subjecting 
a precursor peptide or polypeptide to the action of a 2 OS 
proteasome or a functional equivalent thereof to 
determine the location of the c-terminus of said T cell 
epitope. It has been found that by adding this test to 

15 the already known criteria for selecting T cell epitopes 
it is now possible to predict with high likelihood of 
success which T cell epitopes are suitable vaccine 
candidates. That the C-terminus is determined by 
proteasome action is clear from our finding (in press) 

20 that the substitution of the residue at the C-terminus or 
flanking the C-terminus with another residue results in 
barogation of proteasome processing and in the T cell 
epitope not being produced. 

A precursor peptide or polypeptide may be any 

25 (poly) peptide suspected to contain T cell epitopes. It is 
preferred to carry out a preselection using other known 
characteristics of T cell epitopes before designing or 
isolating pecursors to be tested for proteasome cleavage. 
The test does not have to be a real physical test. Once 

30 the action of the proteasome is well understood, the test 
may be carried out looking for typical sites to be 
present after the action of the (immune -related) 
proteasome in the same manner as is now common for anchor 
sites. 

35 It is presently believed that the C-terminus of the 

T cell epitope is determined by proteasome action. In 
order to obtain the right N- terminus the action of (ER- 
restricted) proteases may be required. Of course the 
combined action of proteasome and the proteases mentioned 
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above is preferred according to the present invention. As 
already stated it is also preferred to test the 
precursors for other T cell epitope characteristics, be 
it physically, or by computer, be it before or after the 
5 (physical) action of the proteasome. Thus in another 

embodiment the invention comprises a method for selecting 
and/or producing T cell epitopes wherein said precursor 
peptide or polypeptide is tested for other T cell epitope 
characteristics, in particular testing for the right 

10 anchor residues, the proper cleavage sites, the proper 
pathway signals, and/or the stability of the MHC-T cell 
epitope complex. 

Together with these methods developed also by the 
group of present inventors a T cell epitope can be 

15 predicted, selected and/or produced with a high degree of 
certainty. The selection of peptide epitopes for a given 
combination of antigen and HLA class I molecule according 
to the invention may be e.g. divided in the following 
steps : 

20 1- Computer prediction of peptides within the 

primary sequence of the antigen that are most likely to 
bind to the HLA class I molecule concerned, by comparison 
with the relevant motif for MHC class I binding. 

2. Measurement of the actual binding of the 

25 selected peptides to the MHC molecule concerned using 

assays that determine HLA-peptide binding and stability 
of the HLA-peptide complex herein) . 

3. Screening of the peptides (selected by steps 1 
& 2) and their flanking sequences (in the context of the 

30 intact antigen) for compliance with the rules for 
proteasome cleavage of natural protein sequences 

4. Screening of the peptides (selected by steps 1 
& 2) and their flanking sequences (in the context of the 
intact antigen) for compliance with the rules for 

35 effective peptide transport and loading into HLA class I 
molecules . 

The selected T cell epitopes are also part of the 
present invention, as are epitopes derived therefrom 
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which are improved by site-directed mutation shuffling 
techniques and library based techniques (such as phage 
display) . Thus the invention also provides in another 
embodiment a T cell epitope obtainable by a method as 
5 described above. Selected peptide epitopes (see steps 1- 
4) are incorporated into the following prototype 
vaccines, the efficacy of which is compared in the 
appropriate HLA transgenic mouse model: 

i. Mixture of synthetic peptides in adjuvants. 
10 11 • Mixture of synthetic peptides loaded onto 

dendritic cells. 

iii. Recombinant protein, synthesized in - and 
purified from - E.coli, consisting of a string bead 

arrangement of peptide -epitopes which are separated 
15 from each other by proteolytic cleavage sites. 

Protein administered in adjuvants. 

iv. Recombinant protein (see iii; mannosylated) 
loaded onto dendritic cells. 

v. Recombinant DNA construct (naked DNA) that 
20 encodes string-beads of peptide epitopes which are 

separated by proteolytic cleavage sites. 

vi. Recombinant Canary pox virus that encodes 
string- beads of peptide epitopes which are separated 
by proteolytic cleavage sites. 

25 vii. Recombinant human adenovirus that encodes 

string- beads of peptide epitopes which are separated 
by proteolytic cleavage sites. 
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Efficacy of the various vaccination protocols is 
assayed by restimulation in mixed lymphocyte cultures of 
spleen cells of the immunized animals with e.g. 
autologous LPS B-cell blasts that are loaded with the 
relevant peptide (s), followed by measurement of the 
reactivity of the resulting T cell cultures against 
35 target cells that either present synthetic peptides or 
the naturally processed epitopes. 

The peptide epitopes are also used for the induction 
of antigen- specific T cell' activity in HLA- transgenic 
mixed lymphocyte cultures in vitro . To that end, the 
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peptide(s) of choice are loaded onto either syngeneic LPS 
B-cell blasts or dendritic cells. These cells are 
irradiated and used as stimulator cells with nylonwool 
passed spleen cells of HLA- transgenic mice. After in 
5 vitro stimulation for one or two weeks, the reactivity of 
the resulting T cell populations can be measured against 
target cells that either present synthetic peptides or 
the naturally processed epitopes. 

Rational design of vaccines has clear advantages. 

10 Safety is one. For example DNA or viral vector vaccines 
for HPV16 E6 and E7 are intrinsically unsafe if such 
vaccines contain functional oncogenes, but safe if the 
DNA or viral vector encodes string beads of epitopes, a 
preferred embodiment of the present invention. Additional 

15 advantages are effectiveness and simplicity. Only 
effectively immunizing components are included. 
Irrelevant sequences are deleted, easing manufacture and 
standardization, enhancing stability and decreasing cost. 
The design of effective T cell epitope vaccines 

20 hinges on the accurate selection of immunogenic peptides. 
By means of the current invention, we have considerably 
improved the selection procedure: In a number of 
embodiments of the present invention vaccines are made in 
situ by providing cells with a nucleic acid encoding at 

25 least one of the T cell epitopes according to the 

invention. Thus these nucleic acids are also part of the 
invention. In this embodiment the invention provides a 
nucleic acid encoding at least one T cell epitope 
selected according to a method as disclosed above. 

30 Preferred nucleic acids are those that comprise at least 
two sequences encoding a T cell epitope, separated by a 
sequence encoding at least one protelytic cleavage site, 
especially when incorporated in a gene delivery vehicle, 
such as an adenovirus. 

35 Thus in another embodiment the invention provides a 

gene delivery vehicle comprising a nucleic acid as 
disclosed above. This important embodiment of the present 
invention provides e.g. a method which induces T cell 
reactivity against multiple pre- selected T cell epitopes 
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by immunization with a recombinant adenovirus (rAd) 
vector that contains multipe T cell epitopes in a string- 
of-bead fashion in which the T cell epitopes are linked 
to each other by proteolytic cleavage sites. The linkage 
> of T cell epitopes by spacer sequences ensures that the T 
cell epitopes are efficiently processed and presented to 
T cells. Therefore, the incorporation of multiple T cell 
epitopes spaced by linker- sequences preferably into 
recombinant adenovectors represents an important and 
powerful new approach for the induction of strong anti- 
viral and anti-tumor T cell immunity that is directed 
against multiple T cell targets. 

Other gene delivery vehicles are by now known to the 
person skilled in the art an can be applied using his 
15 general knowledge. Also other ways of administering 
epitopes according to the invention for eliciting an 
immune response are provided by the present invention. 
Peptide vaccine technology has been described extensively 
and the possibilities are well known. Adjuvantia, routes 
20 of administration and other parameters therefor need no 
further description here. 

Thus the invention provides a pharmaceutical 
composition comprising a gene delivery vehicle as 
described herein or otherwise known in the art, encoding 
25 at least one epitope according to the invention, as well 
as a pharmaceutical composition comprising at least one 
epitope according to the invention and/or a 
pharmaceutical composition comprising a proteinaceous 
molecule obtainable by expression of a nucleic acid 
30 according to the invention. 

Typically a pharmaceutical composition to be used as 
a vaccine may comprise an adjuvant. Because the present 
invention mainly relates to peptides and their use in 
vaccine in any way, peptide presentation in the right 
35 context may, in some embodiments where the subject to be 
treated does not have sufficient capability for 
presenting peptides, be advantageous. Also this 
presentation may be useful for preventing breakdown or 
enhancing presentation. 
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Thus the invention also provides a pharmaceutical 
composition comprising an antigen presenting moiety, ln 
particular a major histocompatibility molecule, 
especially when present on an antigen presenting cell, 
5 such as a dendritic cell. 

Detailed description. 

In this study, 20S proteasomes were isolated and 
purified from the mouse lymphoma cell line that mainly 
contains immunoproteasomes . Fourteen synthetic peptides 
with well known CTL-epitopes , and naturally flanking 
amino acids, were used. After proteasome digestion, 
peptide fragments were analyzed by electrospray mass 
spectrometry, in most cases, the C- terminal residue of 
the most abundant fragments was the same residue found in 
the CTL- epitope. 

This study shows that the C-terminal cleavage site 
is determined by the proteasome, but that the precise MHC 
presented CTL-epitope is generally not generated by the 
proteasome. Most peptide fragments with the correct C- 
terminal residue had several additional amino acids at 
the N- terminus. The optimal MHC class I presentable 
peptide length is most likely generated by N-terminal 
trimming by ER restricted peptidases. 
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Experimental procedures 
Peptides 



Peptides were synthesized on a multiple peptide 
synthesizer (Abimed AMS 422) as described (Gausepohl et 
al., 1990) . Peptides were purified by RP-HPLC in an 
acetonitrile-water gradient and lyophilized overnight.' 

35 Proteasome digestion assay 

20S proteasomes were purified from a mouse lymphoma 
cell line that mainly contains immunoproteasomes after 
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stimulation with IFN-y as described (Groettrup et al. f 
1995) . 

Peptides (26 mers, 20 ng) were incubated with 1 pg 
of purified proteasome at 37°C for 1, 4 and 24 hours in 
5 3 00 nl of proteasome digestion buffer (PDB) as described 
(Eggers et al., 1995). Addition of 30 |xl of 
trifluoroacetic acid stopped the digestion. Before 
analysis by electrospray mass spectrometry, peptide 
digests were kept at -70°C. 

10 

Electrospray Mass spectrometry 

Electrospray ionization mass spectrometry was 
performed on a hybrid quadrupole time-of -flight mass 
spectrometer, a Q-TOF (Micromass, Manchester, UK) , 

15 equipped with an on-line nanoelectrospray interface 
(capillary tip 20 \im internal diameter * 90 \im outer 
diameter) with an approximate flow rate of 250 nl/min. 
This flow was obtained by splitting of the 0.4 ml/min 
flow of a conventional high pressure gradient system 1 to 

20 1000, using an Accurate flow splitter (LC Packings, 
Amsterdam, The Netherlands) . 

Injections were done with a dedicated micro/nano 
HPLC autosampler, the FAMOS (LC Packings, Amsterdam, The 
Netherlands) , equipped with two extra valves for phase 

25 system switching experiments. Digestion solutions were 
diluted five times in water/methanol/acetic acid 95/5/1 
v/v/v, and 1 |xl was trapped on the precolumn (MCA- 3 00-05 - 
C8; LC Packings, Amsterdam, The Netherlands) in 
water/methanol/acetic acid 95/5/1/ v/v/v. Washing of the 

30 precolumn was done for three minutes to remove the 

buffers present in the digests. Subsequently, the trapped 
analytes were eluted with a steep gradient going from 70% 
B to 90% B in 10 minutes, with a flow of 250 nl/min. (A: 
water/methanol/acetic acid 95/5/1 v/v/v; B 

35 water/methanol/acetic acid 10/90/1 v/v/v.) This low 
elution rate allows for a few additional MS /MS 
experiments if necessary during the same elution. 
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Mass spectra were recorded from mass 50-2000 Da 
every second with a resolution of 5000 FWHM. The 
resolution allows direct determination of the 
monoisotopic mass, also from multiple charged ions. In 
5 MS /MS mode ions were selected with a window of 2 Da with 
the first quadrupole and fragments were collected with 
high efficiency with the orthogonal time-of -flight mass 
spectrometer. The collision gas applied was argon (4*10~ 5 
mbar) , and the collision voltage appr. 3 0V. 
10 The peaks in the mass spectra were searched in the 

digested precursor peptide using the Biolynx/proteins 
software supplied with the mass spectrometer. 

TNF release assay 

!5 Measurement of secreted TNF-y by stimulated CTL's 

was performed with a bioassay, using WEHI 164 clone 13 
cells, as described previously (Traversari et al. 1992) . 
Percentage TNF- release of triplicate wells was 
calculated as follows: % TNF release = [(A550-560nm 

20 experimental wells - A550-650 nm wells containing medium 
only) /A550-650 nm wells containing 500 pg/ml TNF -A550- 
650 nm wells containing medium only)] . 

Results 

25 Highly purified synthetic peptides (26 residues) 

were digested by the 2 OS proteasome at 37°C at 3 time 
intervals (1 hr, 4 hrs and 24 hrs) . After digestion, the 
digest mixtures were analyzed by electrospray mass 
spectrometry for the resulting peptide fragments. 

30 Table 1 shows the sequence of the fourteen synthetic 

peptide substrates used for this study. All peptides 
contain well-defined CTL-epitopes of murine origin with 
their naturally flanking amino acids. 

We systematically investigated the specificity of 

35 the 20S proteasome, isolated from mouse lymphoma cells, 
on these substrates. In 12 out of fourteen peptide 
substrates, the correct C- terminal residue was generated 
by the 2 OS proteasome (see table 1) . There is a high 
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degree of preference by the 2 OS proteasome for cleavage 
after the C- terminal residue of the CTL-epitope, but 
cleavage by the 20S proteasome, apparently, does not 
always generate the exact CTL-epitope. For instance, a 
5 synthetic peptide derived from Sendai is preferentially 
cleaved after the C- terminal leucine of the CTL-epitope, 
but the exact CTL-epitope is not generated (see table 2) . 
In this case, the most prominent epitope -containing 
fragment is the N-terminally elongated 11-mer 
10 GEFAPGNYPAL. This fragment is already generated after 1 
hour of digestion, suggesting that this is the important 
precursor peptide of which the epitope is processed. It 
was already found in a previous study (Neisig et al . , 
1995) that the minimal 9-mer epitope FAPGNYPAL is not 
efficiently translocated by TAP into the endoplasmic 
reticulum (ER) , most likely due to a proline at position 
3 of the epitope. In that same study, it was shown that 
synthetic peptides elongated with natural amino acids 
were efficiently translocated by. TAP. In fact, the most 
efficiently translocated length variant of the Sendai 
epitope was the 11-raer GEFAPGNYPAL, also generated by the 
2 OS proteasome. 

These findings were similar to our results obtained 
by proteasome -mediated digestion experiments using the 
MCF-MuLV peptide substrate harboring the CTL-epitope 
KSPWFTTL. We found that the 10-mer FNKSPWFTTL and the 11- 
mer FNKSPWFTTLI were generated by the proteasome (see 
table 2 and Ossendorp et al., 1996), and were efficiently 
translocated by TAP into the ER. The exact CTL-epitope 
KSPWFTTL was not translocated by TAP at all (Neisig et 
al. , 1995) . 

To investigate the influence of flanking residues 
upon the cleavage specivicity of the 2 OS proteasome, 
three synthetic peptides containing natural variants of a 
35 subdominant MuLV were used (see table 3A) . The epitope 
was defined for Moloney MuLV to be located in env-gp70 
(SSWDFITV; Sijts et al., 1994). This epitope is identical 
in the closely related Rauscher MuLV, but is different in 
only one residue in AKV and Friend MuLV (SSWDYITV) . 
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Strikingly, despite the fact that both peptides have good 
binding properties to the MHC class I Kb molecule, CTL 
specific for the Moloney epitope SSWDFITV were not able 
to recognize Friend MuLV induced FBL-3 tumor cells (data 
5 not shown) . We have investigated in vitro processing by 
the 20S proteasome of these peptide substrates containing 
the natural flanking residues. Besides to the F to Y 
difference, one other distinct amino acid difference 
occurred and is located after the valine (V)- residue in 
all three sequences. For the Moloney MuLV peptide 
substrate we found preferential cleavage after the C- 
terminal V. The 10-mer PSSSWDFITV is probably the most 
important precursor epitope peptide. The AKV MuLV peptide 
substrate containing an Y instead of an F, also shows 
preferential C-terminal cleavage after valine and no 
cleavage after tyrosine. The Friend MuLV peptide 
substrate showed no cleavage after valine, but dominant ly 
after aspartic acid (D) . Again, no cleavage has been 
found after tyrosine. 

To investigate the influence of tyrosine (Y) versus 
phenylalanine (F) on the C-terminal cleavage by the 20S 
proteasome, 4 analogue synthetic peptide substrates of 
MuLV were synthesized (see table 3B) . The results in 
table 3A and table 3B show that there is no difference in 
cleavage products for the C-terminal residue with regard 
to the substrates 5A, 5D and 5F (cleavage after V), and 
the substrates 5C, 5E and 5G (cleavage after D) . in the 
substrates 5C, 5E and 5G, we found that the aspartic acid 
residue next to the valine most dominantly influenced the 
C-terminal cleavage site, because no cleavage after 
valine was found. We also found no influence of the 
residues F and Y on C-terminal cleavage preferences by 
the proteasome. From table 2 we can conclude that 20S 
proteasomes can generate the peptide fragment PSSSWDFITV 
that should be N-terminally trimmed in the ER to 
SSWDFITV. It was also found that FBL-3 cells generate the 
peptide fragment PSSSWDFITVD. This additional aspartate 
residue at the C-terminus completely abolishes TAP 
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translocation and binding to the MHC class I Kb molecule 
(data not shown) . 

These findings can explain the lack of recognition 
of the Friend MuLV induced tumor cell line FBL-3 by the 
5 specific CTL clone 10B6 . Synthetic peptide binding 
experiments were performed with all relevant peptide 
fragments generated after proteasome-mediated cleavage 
(results not shown) . Peptide SSWDFITV, being the CTL- 
epitope, was used as a control and was only generated in 

10 very low amounts after digestion. of peptide substrate 5F. 

The CTL-epitope SSWDFITV is the best binding peptide 
for the MHC class I Kb molecule. A precursor peptide 
fragment PSSSWDFITV also binds to the MHC class I Kb 
molecule, but with much lower affinity. The smaller 

15 peptide SWDFITV, generated in high amounts by the 

proteasome, does not detectably bind to the MHC class I 
Kb molecule. This peptide of 7 amino acids is probably 
too small for proper binding in the MHC class- I groove. 
The peptides that have an aspartic acid as C-terminal 

20 residue do not bind to the MHC class-I Kb molecule, due 
to the fact that this aspartic acid residue completely 
disturbs the binding of the C-terminal anchor residue V 
into the pocket of the Kb groove. 

25 According to the present invention a number of HLA-A 

02 01 restricted eptiopes of a tumor associate antigen 
were identified. The detailed description of their 
identification is presented below. 

30 The tumor- associated antigen PRAME is highly 

expressed in a broad array of solid tumors and 30% of 
acute leukemias, whereas normal tissue expression is 
confined to the testis, endometrium and at very low 
levels in ovaries and adrenals. We now report the 

35 identification of four HLA-A*0201 presented CTL epitopes 
in PRAME utilizing the 'reverse immunology' strategy of 
in vitro sensitization of CTL against predicted epitopes. 
Next to motif based HLA r A*0201 binding prediction and 
actual binding assays, analysis of in vitro proteasome 
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mediated dictations of 2 ,- mer poiypeptides encompassing 
candidate epitopes were incorporated in the epitope 
prediction procedure. 

We show that proteasome cleavage pattern analysis, 
and xn particular deter m ination of correct C-terminal 

s C ele a ItX ° f T eP±tOPe ' 18 aPPliCablS ** ~» 

selects and accurate prediction of CTL epitopes. Our 

approach proved more efficacious than previous protocols ' 
avoiding laborious CTL response inductions against 

Z ti Z\ th V r& ', despite their hi9h bindin * affini ^ 

\ endogenously generated in the processing 
Pathway The is^it^ CTL inducfcion ol ^ 

« developed from two protocols known in literatur^d 
xs an improvement in that it utilizes efficiently all 
antigen presenting cells present in PBMC. CTL clones 
recognizing the identified epitopes specifically l yse 
melanoma renal cell carcinoma and lung carcinoma cell 
lines This shows that these epitopes are expressed on a 
diversity of tumorcells, making them attractive targets 
for an immunotherapy against cancer. 

Materials and Methods 
Cell lines 

The ^-transformed B cell line jy (HLA type- 
A*0201, B7, Cw7, DR4, DRw6, DPw2) was cultured in" 
complete culture medium consisting of iscove's Modified 
Dulbecco-s Medium (IMDM) (Biowithaker) supplemented with 
8% foetal calf serum (PCS) (Hyclone Laboratories Inc 
Logan), 100 lu/ml penicillin (Brocades, Pharma 
Leiderdorp, The Netherlands) and L-glutamine (2 mM, ICN 
Biochemicals, Costa Mesa, CA) . 

Melanoma cell lines Mel603, M453 and FM3 and renal 
cell carcinoma cell lines MZ18S1, MZ1774 and MZ1257 were 
kindly provided by Dr . p Schrier (Leiden Univ 
Medical Center, The Netherlands, . Lung carcinoma cell 
lines GLC-02 and C-LC-36 were provided by Dr. L. de Leij 
(University of Groningen, The Netherlands) . 
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Peptides 

Peptides were synthesized by solid phase strategies 
on an automated multiple peptide synthesizer (Abimed AMS 
422, Langefeld, Germany) using Fmoc chemistry. Peptides 
5 were analyzed by reverse phase HPLC, dissolved in 20 jxl 
DMSO, diluted in 0,9% NaCl to a peptide concentration of 
1 mg/ml, and stored at -20°C before usage. The fluorescein 
(FL) -labeled reference peptide as used in the competition 
based HLA-A*0201 binding assay was synthesized, labeled 

10 and characterized as described earlier. 

The sequence of the FL- labeled peptide was 
FLPSDYFPSV wherein we substituted the tyrosine with a 
cysteine to tag a fluorescein group to the peptide : 
FLPSDC(FL)FPSV. The 27-mer polypeptides used for in vitro 

15 proteasome digestion were synthesized as described above, 
purified using preparative reverse phase HPLC and 
lyophilized overnight. Purity was confirmed by 
mass spectrometry. 

20 Cellular competition based HLA-A*0201 peptide -binding 
assay 

Affinity of peptides for HLA-A*0201 was analyzed 
using the homozygous HLA-A*0201+ B-LCL JY as described 
previously, with minor adaptations. Briefly, naturally 

25 bound peptides were stripped from the HLA-A*0201 

molecules by exposing the JY cells for 90 seconds to ice- 
cold citric-acid buffer with a pH of 3.1 (1:1 mixture of 
0.263 M citric acid and 0.123 M Na2HP04) . Cells were 
immediately buffered with cold IMDM containing 2% FCS, 

30 washed twice in the same medium and resuspended in 2% 

FCS/IMDM containing 2 jig/ml human P 2 -microglublin (Sigma, 
St. Louis, MO, USA). Subsequently, the stripped JY cells 
were plated at 4xl0 4 /well in a 96-well V-bottom plate 
together with 150 nM of a known high affinity HLA-A2*0201 

35 binding fluorescein (FL) -labeled reference peptide (HBV 
nucleocapsid antigen 18 to 27,) and titrated 
concentrations of competitor-test-peptide. 
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After incubation for 24 hr at 40°C, cells were 
washed three times in PBS containing 1% BSA, fixed with 
0.5% paraformaldehyde, and analyzed on FACScan flow 
cytometer (Bee ton Dickinson) . The % inhibition of 
5 fluoresceine labeled reference peptide binding was 

calculated using the following formula: (1-(MF reference 
and competitor peptide - MF no reference peptide) / (MF 
reference peptide - MF no reference peptide)) x 100%. The 
binding affinity of competitor peptide is expressed as 

10 the concentration needed to inhibit 50% binding of the 
FL-labeled reference peptide (IC50) . An IC50 ( 5 \M was 
considered high affinity binding, 5 |XM < IC50 ( 15 [M was 
considered intermediate binding, 15 ]LtM < IC50 ( 100 yM 
was judged as low affinity binding and IC50 > 100 \M as 

15 not binding. 

Peptide -MHC complex dissociation assay 

Binding stability at 37°C of peptides complexed with HLA- 

20 A* 02 01 was measured as previously described. In short, JY 
cells were treated withlO" 4 M emetine (Sigma, St. Louis, 
MO, USA) for 1 hr at 370C to stop de novo synthesis of 
MHC class I molecules. Subsequently, endogenous bound 
peptides in HLA-A*0201 were removed by mild-acid 

25 treatment (see before) and reconstituted with the peptide 
of interest at 200 jiM in 2% FCS/IMDM containing 2 \ig/ml 
human £ 2 -microglublin (Sigma, St. Louis, MO, USA) for 1.5 
h at room temperature. Hereafter, cells were washed twice 
to remove free peptide and incubated at 37°C for 0 h, 2 h, 

30 4 h and 6 hours. Subsequently, expressed HLA-A*0201- 
peptide complexes on JY cells were stained using the 
conformation specific Moab BB7.2 and GAM-Fitc arid 
analyzed on a FACScan flow cytometer. 
The fluorescence index (FI) was calculated for each 

35 sample as: (MFsample - MFbackground) / MFbackground, 
where MFbackground is the value without peptide. The 
percentage of residual HLA-A*0201 molecules was 
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calculated by equating for each peptide, the FI of t = 2 
h to 100% and then using the formula: % remaining = 
(FIt=n / Pit=2) x 100%. Because the dissociation of 
peptides from MHC is a linear process, the stability of 
■ the peptide-MHC complexes was measured as the time 
required for 50% of the molecules to decay (DT50) , 
starting from t=2. 

By linear regression analysis of the sequential 
measurements plotted against the % remaining HLA-A*0201 
molecules, the DT50 was calculated. As positive control 
the known highly stable CTL epitope HBV core (18-27) was 
used. In vitro proteasome mediated digestions 2 OS 
proteasomes were purified from an EBV transformed B-LCL 
cell line as described. Peptides (27 mers, 20 ug) were 
15 incubated with 1 ug of purified proteasome at 37°C for 1 
h, 4 h and 24 hours in 300 ul proteasome digestion buffer 
as described 38. Trif luoroacetic acid (TFA, 30 ul) was 
added to stop the digestion and samples were stored at - 
20°C before massspectrometric analysis. 
20 ■' • 

Mass spectrometry 

Electrospray ionization mass spectrometry was performed 
on a hybrid quadrupole time-of -flight mass spectromter, a 
Q-TOF (Micromass, Machester, UK) , equipped with an on- 

25 line nanoelectrospray interface (capillary tip 20 :m 
internal diameter * 90 (m outer diameter) with an 
approximate flow rate of 250 nL/min. This flow was 
obtained by splitting of the 0.4 mL/min [mL = ml?!] flow 
of a conventional high pressure gradient system 1 to 

30 1000, using an Acurate flow splitter [LC Packings, 
Amsterdam, The Netherlands] . 

Injections were done with a dedicated micro/nano HPLC 
autosampler, the FAMOS [LC Packings, Amsterdam, The 
Netherlands] , equipped with two extra valves for phase 
35 system switching experiments. Digestion solutions were 
diluted five times in water /methanol/acetic acid 95/5/1 
v/v/v, and 1 (L [L of 1?] was trapped on the precoluran 
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(MCA-300-05-C8; LC Packings, Amsterdam, The Netherlands) 
in water/methanonl/acetic acid 95/5/1 v/v/v. Washing of 
the precolumn was done for three minutes to remove the 
buffers present in the digests. 
5 Subsequently, the trapped analytes were eluted with a 
steep gradient going from 70% B to 90% B in 10 minutes, 
with a flow of 250 nL/min (A: water/methanol/acetic acid - 
95/5/1 v/v/v; B: water/methanol/acetic acid 10/90/1 
v/v/v) . This low elution rate allows for a few additional 

10 MS /MS experiments if necessary during the same elution. 
Mass spectra were recorded from mass 50-2000 Da every 
second with a resolution of 5000 FWHM. The resolution 
allows direct determination of the monoisotopic mass, 
also from multiple charged ions. In MS /MS mode ions were 

15 selected with a window of 2 Da with the first quadrupole 
and fragments were collected with high efficiency with 
the orthogonal time-of -flight mass spectrometer. The 
collision gas applied was argon (4*10~ 5 mbar) , and the 
collision voltage appr. 30V. 

20 The peaks in the mass spectrum were searched in the 
digested precursor peptide using the Biolynx/proteins 
software supplied with the mass spectrometer. 

RT-PCR assay for PRAME expression 

25 Analysis of PRAME mRNA expression was .determined by 
rtPCR. Total cellular RNA was isolated with Trizol 
(Gibco, Gaithersburg, MD) according to the manufacturer's 
procedure. Reverse transcription was performed on 5 ^ig of 
total RNA in a reaction volume of 25 jxl with 5 \il of 5x 

30 reverse transcriptase buffer (Promega) , 2.5 ?1 each of 10 
mM deoxynucleotides (Amersham) , 0.5 |ig oligo dT15 (15 
subscript) primer, 25 U of RNAsin (Promega) and 15 U AMV 
reverse transcriptase (Promega) . 

The reaction was incubated at 42°C for 60 min, heat 
35 inactivated for 10 min at 70°C and diluted 2x with water. 
For PCR amplification, 1 \il of reverse transcribed cDNA 
reaction mixture was used as a template. PCR primers used 
for the analysis of PRAME expression were OPC 189 (sense 

18 



WO 01/52614 PCT/NL01/00042 

primer, 5 ' -CTGTACTC^TTTCCAGAGCCAGA-3 ' ) and OPC 190 
(antisense primer, 5 ' -TATTGAGAGGGTTTCCAAGGGGTT-3 • ) 30, 
and PCR conditions were 5 min at 94°C followed by 34 
cycles consisting of 30 sec at 94°C, 2 min at 64°C, and 3 
5 min at 72°C. 



In vitro CTL response induction and generation of CTL 
clones 
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PBMC of HLA-A*020l+ healthy donors were obtained by 
Ficoll-Paque method. PBMC were separated in a T cell 
fraction and a fraction containing mainly B cells and 
monocytes by sheep red blood cell (SRBC) rosetting. The T 
cell fraction was cryopreserved. To optimally use all 
antigen presenting cells (APC) present in PBMC we 
developed a new culture system. The mixture of monocytes 
and B cells (approximately 1:1) was cultured in 24 wells 
plates at a concentration of 1x10 s cells/well in complete 
culture medium containing 800 D/ml GM-CSF, 500 U/ml IL-4 
and 500 ng/ml CD40 mAb (Serotec) for 6 days. This culture 
20 system had a threefold effect: 

i) GM-CSF + IL-4 differentiated monocytes into immature 
dendritic cells, 

ii) IL-4 + CD40 mAb resulted in activation and 
proliferation of B cells and 

25 iii) CD40 mAb caused maturation of the immature dendritic 
cells. 

At day 3 cytokines and CD40 mAb were refreshed. Facs 
analysis after 6 days culturing revealed approximately 
equal levels of activated B cells and mature dendritic 
cells expressing high levels of CD80 and CD86. To further 
promote maturation the APC-mix was cultured for an 
additional 2 days with 0.4 ng/ml LPS, 500 U/ml IFNy 
(Boehringer) and 500 ng/ml CD40 mAb. At day 8 the APC-mix 
was pulsed with 50 ng/ml peptide (each peptide 
35 seperately) for 4 h at room temperature (RT) and 

subsequently irradiated (30 Gy) and washed to remove free 
peptide. The cryopreserved autologous T cell fraction was 
thawed and depleted from CD4+ T cells using magnetic 
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beads (Dynal) . The primary induction was performed in 96 
well U-bottom plates (Costar) ; APC at a concentration of 
10,000/well were co-cultured with 50,000 CD8+ T 
cells/well in culture medium, containing 10% human pooled 
5 serum (HPS), 5 ng/ml IL-7 and 0.1 ng/ml IL-12. 

At day 7 after initiation of induction the CTL culture 
was harvested, washed and restimulated at a concentration 
of 40,000 responder cells/well of 96-well U-bottom plate 
in culture medium containing 10% HPS, ng/ml IL-7 and 0.1 

10 ng/ml IL-12. 

Autologous activated B cells, irradiated (75 Gy) and 
peptide pulsed (50 ^g/ml) for 4 h at RT in culture medium 
containing 2% PCS and 3 ng/ml ^ microglobulin (Sigma, St. 
*Louis, MO, USA) after mild acid elution to remove 

15 naturally presented peptides from the MHC molecules (see 
material and methods MHC binding assay) , were used at a 
concentration of 10,000 cells/well as restimulator APC. 

Rest imulat ions were repeated at day 14 and 21 in a 
similar way, with the exception of IL-7 being replaced by 

20 20 IU/ml 1L-2. At day 29 the CTL bulk culture was cloned 
by standard limiting dilution procedures. CTL clones were 
maintained by aspecif ic stimulation every 7 to 12 days 
using a feeder mixture consisting of allogeneic PBMC and 
EBV transformed B cells, in culture medium containing 10% 

25 FCS, 1.5% leucoagglutinin and 240 IU/ml IL-2. 

51 Cr cytotoxicity assay 

CTL activity was measured in a standard chromium release 
assay. Briefly, after 51 Cr labeling, target cells were 

30 pulsed with the designated peptide concentrations for 30 
min or longer at 37°C. Target cells were added to various 
number of effector cells in a final volume of 100 ^1 
complete culture medium in 96-well -U-bottom plates. After 
4 h incubation at 37°C supernatants were harvested. .The 

35 mean % specific lysis of triplicate wells was calculated 
according to: (Experimental release - Spontaneous 
release) / (Maximal release - Spontaneous release) x 
100%. 

20 
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Stable transfection with fulllength PRAME encoding 
plasmid 

Full length PRAME cDNA was kindly provided by Dr. P. 
Coulie (Ludwig Institute for Cancer Research, Brussels, 
5 Belgium) . The PRAME encoding insert was cloned into 

vector pDR2 confering hygromycine resistance. The renal- 
cell carcinoma cell line MZ1851 was transfected with 
pDR2- PRAME using Fugene (Boehringer) as transfection 
reagents according to the manufacturer's instruction. 
10 After 48 h hygromycine (100 (g/ml) was added to select 
transfected cells. 

Results 

15 Identification of HLA-A*0201 binding peptides from PRAME 
To select candidate HLA-A*0201 binding peptides from 
PRAME the amino acid sequence was screened for HLA-A*0201 
binding motif containing peptides using a combination of 
two known binding prediction algorithms. Only peptides of 

20 9 aa. or 10 aa. length were included, taking into account 
the low prevalence of HLA-A*02Q1 restricted CTL epitopes 
of 8 aa. or 11 aa. length. In total, 128 peptides (65 
nonamers and 63 decamers) were synthesized in order to 
determine their actual binding affinity for HLA-A*0201. A 

25 competition-based cellular binding assay, was used to 
determine the concentration of test peptide inhibiting 
the binding of a fluorescein labeled high affinity 
binding reference peptide (HBV nucleocapsid 18-27) for 
50% (IC50) . Thirteen high affinity binding peptides were 

30 identified (IC50 (5 (M) , 33 peptides bound with 

intermediate affinity (5 (M < IC50 ( 15 (M) , whereas the 
other peptides displayed a low affinity (15 (M < IC50 ( 
100 (M) or undetectable affinity (IC50 > 100 (M) (table 
A) . 

35 

To more precisely define binding characteristics, the 
dissociation rate of peptides binding with high affinity 
to HLA-A*0201 and in addition VLDGLDVLL (aa. 100-108) and 
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ALLERASATL (aa. 371-380) complexed with HLA-A*0201 at 37°C 
was measured to assess peptide-MHC stability under 
physiologic temperatures. The HLA-A*0201 homozygous B-LCL 
JY cells were stripped of their endogenously bound MHC 
5 class I peptides by mild acid elution, after which JY 
cells were pulsed with the peptide of interest in the 
presence of p.2M. Subsequently, expression levels of 
stable HLA-A*0201 molecules were measured after 
designated incubation times. 

10 Two of 13 high-affinity binding peptides showed a high 
off -rate from HLA-A*0201, because less than 10% of HLA- 
A*02 01 -peptide complexes were detectable after 2 h 
incubation at 37°C. For all other peptides was the time 
required to decay for 50% (DT50) 2.5 h or longer (table 

15 2). Interestingly, ALLERASATL (aa. 371-380) displayed 

high stability once complexed with HLA-A*0201 (table B) , 
rendering this peptide a potential CTL epitope with 
respect to binding characteristics despite the only 
intermediate binding capacity in the competition binding 

20 assay (table 1) . 

In vitro proteasome mediated digestions of 27-mer 

polypeptides encompassing HLA-A*0201 binding peptides 

The two most important requirements for a peptide to be 
naturally presented on the cell surface are: 

(i) excision from the protein by antigen processing and 

(ii) sufficient binding affinity for HLA molecules. 
Therefore, we decided to perform, subsequent to 
characterization of HLA binding capacity, in vitro 
proteasome, mediated digestions of 27-mer polypeptides 
encompassing aa. -sequences identified to bind with high 
and intermediate binding to HLA- A* 0201. 

This analysis not only allowed assessment of precise C- 
terminal cleavage of putative epitopes but also 
evaluation of premature destruction of the epitope 
through a possible major proteolytic cleavage site within 
the epitope, as observed by us in a variant viral 
sequence. Digestion patterns of four 27-mer polypeptides 
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are shown and discussed in detail (table C) , because 
peptides for in vitro CTL inductions were chosen based on 
those results. 
The 10-mer ALYVDSLFFL (aa. 300-309), which performed 
5 best in the binding assay, has its C- terminal leucine in 
common with the nonamer LYVDSLFFL (aa. 301-309). As the 
nonamer is described to be naturally presented in HLA- 
A24, it may be assumed that the C-terminal leucine is 
liberated during antigen processing. This is most likely 

10 accomplished by proteasome mediated cleavage, because C- 
terminal trimming as opposed to N-terminal trimming has 
never been observed. To confirm this, in vitro 
digestions of a 27-mer encompassing the decanter with its 
naturally flanking amino acids (PRAME 290-316) was 

15 performed by 20S proteasomes isolated from an *human EBV 
transformed B cell line. 

Moreover, this analysis aimed to asses whether the 
decamer was not destroyed by a major proteasomal cleavage 
site between its N-terminal alanine (aa. 300) and leucine 
20 (aa. 301) , which would render the decamer not available 
for presentation by HLA-A*0201. 

The 27-mer was incubated for 1 h, 4 h and 24 h at 37°C 
with the isolated proteasome and the mass spectrometry 
profile of the digestion product was analysed in detail 

25 (Table CI) . As might be expected, a major cleavage site 
after leucine-3 09 was observed, because digestion 
fragments sharing this C- terminus were abundantly 
generated after 1 h incubation. Furthermore, the decamer 
(aa. 300-309) was not destroyed by a major cleavage site 

30 between residue 300 and 301. Instead, leucine-298 and 

glutamine-299 were generated as N-terminal. residues after 
1 h incubation. These results suggest that in vivo the 
12 -trier LQALYVDSLFFL (aa. 298-309) and the 11-mer 
QALYVDSLFFL (aa.* 299-309)^ may be produced by the 

35 proteasome. The decamer (aa. 300-309) and the HLA-A24 
presented nonamer (aa. 301-309) itself were found among 
the_digestion fragments, although only after 24 h 
incubation at low quantities. Finally, FLSLQCLQAL (aa. 
292-301) was not C-terminally generated and_SLQCLQALYV 
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(aa. 294-303) was not found as intact fragment, 
indicating that_these HLA-A*0201 binding peptides are not 
likely to be naturally generated_in the processing 
pathway. The digestion pattern of 27-mer aa. 415-441 was 
5 determined because itjharbors peptides binding with high 
or intermediate affinity to HLA-A*0201 (Table C2) . A 
major cleavage site was observed between residues 433 and- 
434, because QSLLQHLIGL (aa. 424-433) and the 
complementary fragment aa. 434-441 were generated 

10 abundantly after 1 h digestion. The N- terminally 
elongated precursor (aa. 424-433) of high affinity 
binding nonamer aa. 425-433 was efficiently generated. 
The N- terminal counterpart aa. 415-423 was abundantly 
present as well, indicating a second major cleavage site 

15 after leucine-423. The other HLA-A*0201 binding peptides 
(aa. 419-427, aa. 422-430 and aa. 422-431) were not or 
not efficiently liberated from the 27-mer polypeptide. 
Only after 4 h incubation fragment aa. 421-431 harboring 
PRAME 422-431 was found in low quantities. Table C3 

20 shows the digestion pattern of PRAME 98-124 which harbors 
several peptides binding with moderate affinity in 
HLA*A201. The 11-mer aa. 98-108 was the most abundantly 
generated fragment after 1 h, indicating that both 
VLDGLDVLL (aa. 1001-108) and AVLDGLDVLL (aa. 99-108) may 

25 be naturally_j?resented in vivo . Additionally, fragment 

aa. 98-109, harboring VLDGLDVKLA, was gerenated after 1 h 
incubation. Therefore, the latter peptide may be 
generated in vivo as well. To the contrary, fragments 
containing AVLDGLDVL (aa. 99-107) or GLDVLLAQEV (aa. 103- 

30 112) were not found. Finally, the 27-mer 359-385, 

containing HLA-A*0201 binding peptides MLTDVSPEPL (aa. 
360-369) and ALLERASATL (aa. 371-380), was in vitro 
cleaved by the proteasome. The results (Table C4) show 
, that the first peptide is not generated, because 

35 fragments containing leucine position 369 as C- terminus 
were not found. However, fragments sharing leucine 
position 380 as C-terminus and the complementary fragment 
with position 381 as N- terminus were already found after 
1 h, indicating a frequently cleaved site between 
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residues 380 and 381. The exact sequence ALLERASATL was 
already generated after 1 h digestion and still present 
after 4 h and 24 h incubation, indicating this sequence 
as potential CTL epitope. A concise representation of 
5 digestion analysis of above discussed 2'7-mers and 27-mer 
polypeptides harboring the other high affinity binding 
peptides is shown in table D. 

Summarizing, 5 HLA-A*0201 binding peptides were not C- 
terminally excised by the proteasome . Furthermore, 5 

10 peptides were C-terminally excised by a minor cleavage 
site, but these peptides (or their N- terminal elongated 
precursors) were either not generated (SLQCLQALYV and 
SISALQSLL) or generated in low quantities and/or after 
longer than 1 h incubation. Finally, only 5 peptides were 

15 C- terminally excised by a major cleavage site and found 
in correct length (variants) , indicating possible CTL- 
epitope (precursor) peptides. Three of these peptides 
(SLYSFPEPEA, aa. 142-151; SLLQHLIGL, aa. 425-433 and 
VLDGLDVLL, aa. 100-108) and/or their N-terminal elongated 

20 precursors were already found after 1 h digestion in 
significant quantities. 

In vitro human CTL inductions against five putative HLA- 
A*0201 restricted epitopes using PBMC of healthy donors 

25 From the binding assays and the "in vitro proteasome- 

mediated digestions, four peptides that were predicted to 
be naturally processed and presented were selected for in 
' vitro CTL inductions. Separate CTL induction were 
performed against ALYVDSLFFL (aa. 300-309), SLLQHLIGL 

30 (aa. 425-433), VLDGLDVLL (aa. 100-108) and ALLERASATL 

(aa. 371-380) (in order of HLA-A*0201 binding affinity). 
To optimally use all antigen presenting cells present in 
PBMC, we developed an in vitro human CTL induction 
protocol that used a mix of activated B cells39 and 

35 mature DC47-50 as APC in the primary induction. The 

peptide -loaded and irradiated APC-mix was cocultured with 
CD8+ autologous T cells from an HLA-A*0201+ healthy donor 
as responder population' in the presence of IL-7 and IL- 

25 
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12. At day 7 CTL cultures were restimulated with 
autologous activated B cells. Irradiated and peptide- 
pulsed restimulator cells were co-cultured with the 
responder population under addition of IL-7 and IL-12. 
> Restimulations were repeated at day 14 and day 21 with 
the same restimulator cells in the presence of IL-2 and 
IL-12. At day 28 the bulk cultures were tested in a sl Cr 
release assay to asses peptide specificity. The CTL 
culture raised against SLLQHLIGL (aa. 425-433) showed a 
high specificity for targets loaded with this peptide, 
whereas the other three CTL cultures displayed only 
slightly increased lysis of targets loaded with the 
relevant peptide [data not shown] . 
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Peptide reactivities of CTL clones raised against FRAME 
300-309, 425-433, 100-108 and 371-380 

To isolate peptide specific CTL clones the four CTL 
cultures were cloned by limiting dilution at day 29. The 
peptide specificity of generated clones was assessed in a 
cytoxicity assay against target cells loaded with 5 uM of 
the relevant peptide versus an irrelevant HLA-A*020l 
binding peptide. Remarkably, despite low peptide- 
specificity of CTL bulk cultures against ALYVDSLFPL , 
VLDGLDVLL and ALLERASATL , CTL clones specific for all 
25 four peptides were found. This may be explained by the 

large amounts of CTL clones for each peptide specificity 
that were assayed (between 576 and 202), allowing 
isolation of peptide specific clonal CTL that constituted 
only a minor -fraction of the bulk culture. 
In summary, 9% of CTL clones raised against ALYVDSLFPL 
displayed peptide-specif icity (19 of 202), 9% of clones 
induced against VLDGLDVLL showed specific lysis of 
peptide pulsed targets (51 of 576), 23 of 360 clones (6%) 
raised against ALLERASATL were peptide-specif ic, and 
finally, as may be expected a larger percentage namely 
29% (97 of 336) of the clones grown from the bulk culture 
against SLLQHLIGL reacted peptide -specific. 
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Based on peptide specificity and affinity, growth 
characteristics and recognition of endogenous processed 
antigen, one or more CTL clones for each peptide 
specificity were chosen for a detailed functional 
5 characterization. At first, peptide specificity with 
targets pulsed at high peptide concentrations (5 (M) was 
examined. CTL clone #460, anti-ALYVDSLFFL, specifically 
lysed peptide pulsed targets at ET ratios as low as 0.5 
and showed only very low crossreactivity with targets 

10 pulsed with the nonamer LYVDSLFFL (figure 1) , which is 

naturally presented in HLA-A24 and displayed, despite not 
fullfilling the binding motif, intermediated binding 
affinity for HLA-A2*0201 (data not shown) . Likewise, 
ant i -SLLQHLIGL CTL clones' #1257 and #1268 showed specific 

15 lysis of T2 cells pulsed with the relevant peptide. 

The CTL clones #176 and #551, which were raised against 
VLDGLDVLL , recognized their inducing peptide very 
efficiently. Finally, ant i - ALLERASATL directed CTL clone 
#733 was able to lyse targets pulsed with the relevant 

20 peptide as well (figure 1) . 

Subsequently, peptide sensitivity of the CTL clones was 
determined in peptide titration experiments at a fixed ET 
ratio of 10 (fig. 2). CTL #460 was extremely sensitive in 
lysing T2 cells pulsed with the decamer ALYVDSLFFL: half 

25 maximal lysis was reached at about 3 pM peptide 

concentration. CTL clones #1257 and #1268 were able to 
half -maximally lyse targets loaded with SLLQHLIGL at 12 
nM and less than 60 pM respectively. The synthetic 
peptide ALLERASATL was extremely well recognized by CTL 

30 #733, because at the lowest peptide concentration targets 
were still specifically lysed for 80%. Finally, CTL #176 
and #551 displayed almost equal sensitivity for 
VLDGLDVLL: half -maximal lysis was reached at about 5 nM 
peptide concentration. 

35 To analyse clonal ity of the CTL clones under 

investigation, we performed rtPCR analysis with a panel 
of 24 primers of junctional regions of TCRB transcripts 
from 22 well-established TCRBV families to determine VS- 
usage of the T cell receptor. All CTL clones were shown 
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to use a single V6, confirming clonality of the clones 
(data not shown) . 

Peptide specific CTL clones specifically recognize an 
5 HLA-A*0201+ renal cell carinoma cell line stably 
transfected with PRAME 

Endogenous presentation of ALYVDSLFFL in HLA-A*0201 was 
explored by assessing the ability of CTL clone #460 to 
specifically recognize PRAME expresssing targets after 

10 transfection. For this purpose, the renal-cell carcinoma 
cell line MZ1851, which is HLA-*0201+ but lacks PRAME 
expression, was stably transfected with fulllength PRAME 
cDMA (MZ18 51 -PRAME) . As negative control MZ1851 was 
transfected with the empty vector (MZ18 51 -empty) . PRAME 

15 expression was confirmed with rtPCR (data not shown) . CTL 
#460, raised against the decamer PRAME 300-309 
specifically lysed the PRAME expressing transfectant 
MZ1851-PRAME in 51Cr release assays (Fig, 3).. This result 
indicates that PRAME 300-309 is endogenously processed 

20 and presented in HLA-A*0201. 

CTL reactive with four PRAME peptides lyse a broad array 

of tumor cell lines expressing HLA-A*02Q1 and PRAME 

To investigate HLA-A*0201 restricted presentation of 
25 PRAME 300-309, 424-450, 98-124 and 359-385 on tumor 

cells, we used panels of cell lines derived from various 
tumor types which have been reported to express PRAME 
(30;32) . Lysis by the selected CTL clones of cell lines 
with or without HLA-A*0201 expression and naturally 
30 expressing PRAME or lacking PRAME expression was 

compared. HLA-A*0201 expression was confirmed by Facs 
analysis (data not shown) and PRAME expression by rtPCR 
or northern blotting (data not shown) . The melanoma cell 
lines M453 and FM3, both expressing HLA-A*0201 and PRAME+ 
35 were efficiently killed by CTL #460 ( ant i -ALYVDSLFFL) , 
CTL #1257 and #1268 ( ant i - SLLQHLIGL ) , CTL #176 and #551 
( ant i - VLDGLDVLL ) and CTL #733 ( ant i - ALLERA3ATL) , whereas 
the melanoma cell line Mel603, which is PRAME+ but lacks 
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HLA-A*0201 expression, was not killed by these CTL clones 
(Pig. 4) . These results confirm HLA-A*0201 restriction of 
the CTL clones and indicate that the four peptides are 
naturally presented in HLA-A*0201. Furthermore, lysis of 
5 the HLA-A*0201+ renal-cell carcinoma (RCC) cell line 
MZ1851, which lacks PRAME expression, was compared with 
lysis of RCC cell lines MZ1257 and MZ1774, both 
expressing HLA-A*0201 and PRAME. The selected CTL clones 
reactive against the four different PRAME peptides showed 

10 significant lysis of the two PRAME+ cell lines but not of 
MZ1851, confirming PRAME as source of target antigens 
(Fig. 5) . Finally, lysis of lung carcinoma cell lines was 
HLA-A*0201 restricted and PRAME specific as well, because 
only GLC-36 expressing HLA-A*0201+ and PRAME+, and not 

15 GLC-02, which is PRAME+ but lacks HLA-A*0201- expression 
was killed (Fig. 6) . 

Summarizing, we observed a consistent lysis by the CTL 
clones under investigation of tumor celllines when both 
the restricting MHC molecule and the tumor Ag were 

20 expressed. These results indicate that" PRAME 300-309, 

425-433, 100-108 and 371-380 are presented in the context 
of HLA-A*020l on a broad array of tumor cell lines 
encoded by human gene MAGE- 3 and presented by HLA-A2 
induces cytolytic T lymphocytes that recognize tumor 

25 cells expressing MAGE-3. 
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MHC correct C-teniiras 



PESQQGWFEGLFMKSPWPTTLISTIM 


MCF env-pl5E 


R* 


yes 


DGPAGQAEPDRAHYNIVTFCCKCDST 


HPV E7 


D* 


yes 


REARVSSSPVNSLRNWAIAAGIW3 


E. coll P9 


D tt 


no 


I LKD P VHGEFAPGNYPALW SYAMGVA 


Sendai KP 




yes 


TGRAYWKPSSSWDFITVNNNLTSDQA 


MuLV (Moloney) 


If 


yes 


KFGIETMYPALGLHEFAGELSTIiESIi 


Measles NP 


L d 


yes 


SWVTL3TDDPVT DRLYLSS HRGVXAD 


Measles ha 


I* 


JfBS 


AG5RVMMAXYKKSQHMTEVVRRCPH 


P53 




no 


RQBYAI eVGPVFP PGMNWTELI TN YS 


Rotavirus VP-6 


K> 


yes 


YEP PEAGSEYTX IHYKYMCNS SCMGG 


P53 


K 6 


yes 


GENGRKTR5 AYERMCN I IjKGKFQTAA 


Influenza MP 


K* 


yes 


grlahevewkyqavtttleekrkeka 


Turn, P196 




yes 


GESRDLPSGQGINNLDNLRDYIiDGSV 


SV40 T 


D» 


yes 


TIIW^YPPTNLLNPRVXAAKLKTEET 


cydin O x 


D> 


yes 



CTL-epitopes are underlined with the C-terminus at the right end site of the underlined 
epitope. 
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Table 2. Major peptide fragments generated by the 20S proteasome. 



Source seqcmne* digestion time <h) 



Sendai ILKDgVHGEFAPGNYPALWSYAMGVA 



ILKDPVHGEFAPGNYPAL 
GEFAPGNYPAL 
PGNYPAL 
PVHGEFAPGNYPAL 
APGNYPAL 
BFAPGNYPAL 
FAPGNYPAL 
. KDPVHGEFAPG 
ILKDPVHGEFAPG 



MCF FESQQGWFBGIiFN K3PWFTTL l STIM 

FESQQGWFEGLFNKS 

LI STIM 
PHFTXL 
PWFTTLI 
PWFTTLISTI 
FMKSPWFTTLISTI 

FESQQGWFEGL 

FESQQGWFEGLFNKS PWFTTL 

FNKSPWFTTIiISTIM 
PMKSPWFTTIiI 

FESQQGWFEGLFNKS PWFTT 
FNKSPWETTL 

FiSSQQGWFEGLFNKS 



1 


4 


24 


46 


20 


38 


27 


20 


38 


7 


9 


14 


7 




10 


5 


12 




5 


7 




3 


15 






9 






S 





26 


22 




14 


14 




13 


12 




13 


10 




7 


6 




6 


6 




6 


7 


28 


5 


6 






6 




5 


5 


35 


5 








6 


22 






15 



The amount of peptide fragment is given as a relative percentage of the total intensity 
of the peptide fragments in the spectrum. The CTL-epitope is underlined. 
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Table 3 A. Major] 
cleavage of Moloney, AKV and Friend MuLV virus natural sequences. 



Source 



sequanoe 



digestion tine (h) 



5A, Moloney 



TGHAYWKPSSSWDFITVNNNLTSDQA 



24 



SWDFITV 
PSSSWDP1TV 
TGRAYWKPSSSDWFITV 
AYWKPSSSWDFITV 



45 
23 
16 
14 



64 72 
36 28 



58/ AKV 



TGKASWKPSS 3WDVITVSNNMSDQA 

TGRASWKPSSSWDyiTVSNWLTSDQA 
ASWKPSSSWDYITVSNWLTSDQA 
TGRASWKPSSSWDVITV 
SWDYITV 
A3WKPSSSWDYITV 
PSS SWDYITV 



57 
14 



12 
41 
30 
17 



75 
25 



5C r Friend 



TGRAYWKPSSSWDYITVDNNLTTNQA 

TGRAYWKP S S S WD YITVDNNItfTNQA 60 

TGRAYWKPSSSWDYITVD 21 25 

AYWKPS5SWDYITVD 8 20 

AYWKP5 5 SWD YITVDNNIiTTNQA 6 

PSSSWDYITVDNNLrTNfQA 5 

SWDYITVD 35 

PSSSWDYITVD 20 



69 
31 



Intensity is given as a percentage of the total amount of intensity of the peak fragments 
depicted below, 

Fragments with intensities less than three times the noise peak in a spectrum were 
ignored in the determination of sequences of peptides generated after digestion by 20S 
proteasomes. 
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T able. A Binding affinity fof HLA-ATBOI of 128 flOM/nam and 6ocamms derived from PRAMS 



Start* 


90C|||0flOO 


Lenoth iC,o* 


Owl 


Cum idtim 






Start 


Soqu&ico 


Length 


ICtt 


300 


ALW031FFL 


10 


1.7 


400 




9 


14j0 


66 


LMKGQHLHL 


9 


621 


142 


8LV3FPEPSA 


10 


1,9 


89 


SUKOEAIA) 


10 


14J0 


240 


vnnwopu 


10 


671 


47 


UPftELFPPL 


10 


2,1 


422 


ALQSUQHL 


9 


141 


♦4 


AUEUPftEL 


9 


711 


495 


NCTKVUPv 


9 


24 


102 


GLOVLUQEV 


10 


191 


379 


TtODtVfDEC 


10 


711 


2B2 




10 


JLS 


291 


QLOSlfiOlB/ 


10 


1S1 


371 


ALLEAA3AT 


9 


721 


3<U 


OUAUP3L 


9 


2.9 


312 


RU5QUKKV 


9 


15.7 


353 


VL6UQVMLT 


10 


74.0 


102 


PLKEOACDEL 


10 


XO 


493 


RTFVQWsPl 


9 


15.9 


90S 




9 


7M 


294 


aOOQALYV 


10 


32 


200 


FLRQHLOOL 


9 


1&1 


403 




10 


646 


4» 


AL08UOHU 


10 


31 


428 . 


HU8LSNUT 


9 


191 


93 


HkBTPKAVL 


9 


691 


4» 


SLLQHUGt 


9 


17 


05 


VUMKSQhLHU 


10 


17.0 


319 


HVMNPIS1L 


9 


901 


250 


QM1NLRPU1 


10 


44 


916 


LLRMVMNPL 


9 


174 


19 


SVWTaPHRLV 


10 


MOO 
>100 


190 


ajmiacv 


10 


441 


353 


VLSUCVML 


9 


174 


20 


WTCPflflLVEL 


10 


240 


TLAKFSPVL 
AUUAAL& 


9 


4.6 


172 


RPVEVLVOl 


10 


17,5 


26 


LVBAGQSL 


9 


moo 


99 


9 


5.1 


134 


TVW0GN&A6L 


10 


1&4 


51 


SjmFMA 


9 


MOO 


100 


VUK3UJVLL 


9 


51 


329 


VMMlSQSPSV 


10 


ias 


67 


QUKAMVOA 


9 


MOO 


m 


RLSGGOWflL 


10 


&4 


72 


MVQAWPFTC 


1 9 


13,9 


70 


KAMVOAWWT 


10 


>too 

MOO 


482 


VLHAfUPEL 


9 


5.4 


399 


ITDDGUALL 


10 


10.9 


78 


RCLPLGVL 


9 


360 


MLTDV5PSPL 


10 


61 


10 


5VWTQPRHL 


9 


19.1 


04 


GVLWKGQHU 


9 


MOO 


419 




9 


ST 


315 


OUKMVMNPt 


10 


19.7 


95 




10 


iw 


432 


GISNLTHVL 


9 


9.9 


71 


AMVOAWPFT 


9 


20.0 


133 


WWWSONRA 


9 


MOO 


214 


KIFAMPMQOJ 


10 


7.2 


207 


RtCCWttW 


9 


20.B 


155 


MTKKRKVDOL 


10 


MOO 


320 


VMNPLETU81 


10 


9.0 


247 


PUAKPSPVL 


10 


21.1 


169 


STEAGQPF1 


9 


MOO 


39 


AUIAALSLL 


10 


941 


219 


PMQOIKMIL 


9 


23.9 


190 


OIKKEOAC 


9 


MOO 


090 


rrooaiiAL 


9 


9.2 


453 


RIAVLHAWL 


9 


241 


190 


KVKRKKNVL 


9 


MOO 
MOO 


242 




9 


94 


264 


RULSHWA 


9 


24.5 


209 


VUOjCCKKL 


9 


99 


AVtOOLOVU 


10 


9.4 


217 


AMPMQDKM) 


10 


24.6 


222 


DOOfiUOAV 


9 


MOO 


300 


FUWSfilBQU 


10 


9.6 


891 


UTOVSPEPt. 


9 


26-8 


224 


KMflXMVQL 


9 


MOO 


399 


0LSGVML7DV 


10 


9.9 


430 


UGL8NL7HV 


10 


271 


234 




9 


MOO 


04 


UXOSAUI 


9 


104 


33 


9UKMALA 


9 


29,2 


234 


61E0L6VT0T 


10 


MOO 


204 




10 


1A4 


260 


QM1KLRRU 


9 


311 


237 


clevtctwkl 


1D 


MOO 


71 


AMVOAWPPTC 


10 


10.4 


91 


HLHUSmCAV 


10 


31.8 


240 


VTCTWKLPT 


9 


MOO 


470 


UC&<5JTOM 


10 


ias 


297 


CtOAlWOSL 


10 


331 


281 




10 


MOO 


108 


GACBElfS*. 


10 


10.6 


372 


U-ERA8A1L 


9 


351 


325 


to 


MOO 
MOO 


«to 


U8PY5NSI 


9 


11.0 


401 


SISHCSGLT 


9 


38.9 


309 


pumujera 


9 


» 


RLVaAGQSL 


to 


11.1 


997 


AUP6U8HC 


9 


42.6 


362 


0lV«5£Ga 


9 


MOO 


91 


HLH.BTFKA 


9 


11.1 


399 


GffDDOLUL 


10 


471 


302 


DLVFKCfilT 


10 


MOO 


100 


VL0GUOVUA 


10 


11.9 


417 


3I3ISALQ3L 


10 


481 


383 


%VF0ECG!T 


9 


MOO 


454 


TIHLERUYL 


10 


12.2 


259 




9 


4J1 


389 


QITODQUA 


9 


MOO 


371 


ALLSRASATL 


10 


12.9 


479 


MVWLSANPC 


9 


49.0 


401 


SLSHOOQLTT 


10 


MOO 


320 


TtsrrNCW. 


9 


131 


160 


KVOGLSTBA 


9 


61.2 


473 


elghpsmvwl 

WL3AKPCPKC 


10 


MOO 


463 


VLHAF18HU 


10 


131 


430 


ITKVLYPVFL 


10 


53 A 


401 


10 


MOO 


350 


ausvtasov 


10 


12.2 


220 


0KMVGL0S1 


10 


56.1 


493 


RTPYOPB*tL 


10 


MOO 


99 


AVLOGLfiVL 


9 


114 


292 


aSUQCLQA 


6 


5B.7 











' Pcb3oo in PRAMS of uw P^6Kwfrw» a^«« c/Ow popadii PeptWea are Ofitod In ©rtw of their IC*. 
Pepiktas wm !C» 13 ar» oaneWned to tw potomlal CH, eriiopw, witti i«p«a to (ink binding affinity. 
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Tablo B stability of Mgh affinity binding 

PBpade9iftHlA.A*020l 

Start* Sequence' Affinity Stability 
iC' OT M * 

MO ALW08LFA. 1.7 >4h 

'42 &LY8FPEPEA 1.9 3n 

JL wm»m a.i ji Sh 

435 NLTHVLYPV ^ 3h 

SfQOWAI. 2.5 N.8.* 

QLLALLPSt 2.8 >4h 

IB* FLKEQACOgL JO 3h 

»4 SUJOQAIW 3,2 »4h 

422 AIQ6U.QHLI 3,8 2.Sh 

425 8LWMUQL 3.7 >4h 

258 QMINLRfiUX 4.0 >4H 

»M &F8TLIEKV 4.6 N.8. 

240 UAKF3PYL 4« >4h 

100 VLOGLDVLL 5-2 8.6 h 

371 AU£RA6ATl 12.9 >4h 

HBtfanm/ _ >'h 

Stonaa. potiGon of peptide in PRAMS. 

In addition ta oH high affinltir binding peptidaa 

PRAMS I0Q.108 and 371-300 an toted. 

Binding affinity expressed so 10*, (jiM) (ssa TaWa i). 

DT^is given suiting from | a 2 h at 37 tl C. 

N.3. • mi stobla, <10%cfHLA moleeulaa detaetabto 
Biter 2 h Incubation al37*C. 
' HBV nucfeocapaM 10-27 is used as control peptide. 
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TtM».C inv^prcteaoomamofialodt^^ 
TtaMt- C i auction PRAUE2M4ie 

M P L U Q Q I Q A L 

SLQOlQALTV 



1,7 



pramem. V E R B X 1 1 1 II I'J fi 8 8 IS 9 S 1} 0£ SB § ! 3 B 




l gc_L gKiyy ftgy f f l |r q f> l o 
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A F I 

Q F I 

Q F L 

a F L 

OFl 

0 P I 

Q F t 



. L OC L 0} 
8 L Q 0 L Q|A 
5 L Q C L Of* 
9LQOL QIA 
U OCt QlA 

b l a 0 L QU 



QT 

a 



en Dai 

I V V D ft 1 '(f-^lfe HLDOL 
LYVDBt P 0 ft L D Q L 



Mr b b w *« v b viwth t ▼ is a h r r «w v f i) ii a b 



«W En* 



290 i» l5* 

41? — ass. . &bl 

30ft law oo% 



300 QQ9 

301 309 
«9 300 

304 309 
309 909 

305 300 



1h 



Bg«L 



0,0% 
00% 
00% 
47% 
7*% 
00% 



3z»: 



40 



44% 
00% 

00% 



2£ 



T«M»C2 Oiooo«onPRAllE41S441 



07 
14J! 
3-3 
3.7 



HlAA*029ib(nmngpa9MBs 

3I6ALQ8LL 

ALQBLLOML 



A I 03 I L OH I I 




3 It 9 

a n e 



T«MtC> 0*9«*0nPRAMH 98-124 
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CLAIMS 

1. A method for selecting and/or producing a T cell 
epitope, comprising subjecting a precursor peptide or 
polypeptide to the action of a 2 OS proteasome, in 
particular an IPN-y or other immune-related proteasome or 

5 a functional equivalent thereof to determine the location 
of the c-terminus of said T cell epitope. 

2 . A method for selecting and/ or producing according to 
claim 1 wherein said precursor peptide or polypeptide is 
tested for other T cell epitope characteristics. 

10 3. A method according to claim 2, wherein said further 
testing comprises testing for the right anchor residues, 
the proper cleavage sites, the proper pathway signals, 
and/or the stability of the MHC-T cell epitope complex. 

4. A T cell epitope obtainable by a method according to 
15 any one of claims 1-3. 

5. A nucleic acid encoding at least one T cell epitope 
according to claim 4 . 

6. A nucleic acid according to claim 5 comprising at 
least two sequences encoding a T cell epitope, separated 

20 by at least one protelytic cleavage site. 

7. A gene delivery vehicle comprising a nucleic acid 
according to claim 4 or 5. 

8. A pharmaceutical composition comprising a gene 
delivery vehicle according to claim 7. 

25 9. A pharmaceutical composition comprising at least one 
epitope according to claim 4. 

10. A proteinaceous molecule obtainable by expression of 
a nucleic acid according to claim 5 or 6. 

11. A pharmaceutical composition comprising a 
30 proteinaceous molecule according to claim 10. 

12. A pharmaceutical composition according to claim 8, 9 
or 11 further comprising an adjuvans. 

13. A pharmaceutical composition according to claim 8, 9, 
11 or 12 comprising an antigen presenting moiety. 
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14. A pharmaceutical composition according to claim 13 
wherein said moiety comprsises a major histocompatibility 
molecule. 

15. A pharmaceutical composition according to claim 14 

5 wherein said major histocompatibility molecule is present 
on an antigen presenting cell, such as a dendritic cell. . 
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Fig . 1 Lysis of 51 Cr labeled JY ceils Incubated for 30 mln with 5 pM of relevant peptide (o) vs 

an Irrelevant HLA-A*0201 binding peptide (a), with the exception of the cytotoxicity assay with &TW460, 

where the nonamer LYVDSLFFL (a) was used. 

The CTL clones were used at ET ratios 100 to 0.75. 
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Fig. 2 Lysis of 51 Cr labeled T2 cells Incubated for 1 h with titrated concentrations of relevant peptide (o) vs 
an irrelevant HLA-A*0201 binding peptide (□ ). 
The peptide specific CTL clones were used at an ET ratio of 10. 
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Fig. 3 Lysis of 51 Cr labeled renal cell carcinoma ceil One MZ1851 (HLAnrV020r and PRAME* ) 
transfected with PRAME cDMA (□) vs MZ1851 transfected with the empty vector (o). 
CTL #460 is used at ET ratios from 60 to 1 .5. 
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Lysis of 51 Cr labeled melanoma cell lines: Mel603, expressing PRAME but HLA-A*0201-(o), 
* M453(o) and FM3(o) are both PRAME+and HLAA*0201*. 

The CTL clones were used at ET ratios ranging from 100 to 0.75. 
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Fig. 5 



|£*J* ^ r J"" 1 , <***noma cell lines: MZ1851, expressing HUWTO201 but PRAME" (o). 

MZ1257 (□ ) and MZ1774 (o) are both PRAME* and HLAA*0201 + . 
The CTL clones were used at ET ratios ranging from 100 to 0.75. 
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Fig.6 



Lysis of 51 Cr labeled lung carcinoma cell lines: GLC-02, expressing PRAME but HUV-A*0201~ (o) 
and GLC-36 (a) expressing both PRAME* and HLA-A*0201 + . 
The CTL clones were used at ET ratios from 100 to 0.75. 



